In a completely randomized design, 15 male Moghani sheep were fed to determine the influence of supplementing recycled poultry bedding (RPB) with different carbohydrate sources on the activities of rumen hydrolytic enzymes and nitrogen retention. In the first diet, corn and barley were used as the carbohydrate sources (M0). In the second and third diets, corn and barley were replaced by 50 (M50 diet) and 100 (M100 diet) g/kg of sugar beet molasses, respectively. The extracellular activity of carboxymethyl-cellulase (CMCase) was increased linearly by dietary inclusion of molasses [linear (L), P < .05]. The extracellular and total activity of microcrystalline-cellulase in ruminal content was increased linearly (L, P < .05), while its cellular activity remained unaffected (P > .05) by dietary inclusion of molasses. Dietary inclusion of molasses in RPB-containing diets linearly increased filter paper degrading (FPD) activity in all fractions of ruminal content (L, P < .05). Addition of molasses to the diets linearly decreased (L, P = .04) total activity of α-amylase, and cellular and total activity of proteases. Increasing dietary levels of molasses linearly increased retained N (L, P < .05). In conclusion, dietary supplementation of RPB-containing diet with molasses improved activities of fibrolytic enzymes and nitrogen retention in sheep.
Introduction
Poultry bedding (PB) is a solid waste consisting of poultry excreta (urine and faeces), bedding material, feathers and spilled feed (Azizi-Shotorkhoft et al. 2012) . In Iran, production of dry PB exceeds 1.3 million metric tonnes annually (Azizi-Shotorkhoft et al. 2012) .
The proper use of inexpensive agro-industrial by-products such as PB is important to have a more profitable livestock production (Negesse et al. 2007 ). The commercial value of PB as a feedstuff is based on its crude protein content (CP) (150-350 g/ kg dry matter (DM)) (Obeidat et al. 2011) . However, most of its nitrogen (N) content is in the form of non-protein nitrogen (NPN), which can be easily and rapidly degraded in the rumen (Animut et al. 2002) .
Rapid N degradation causes an imbalance between the supply of N and energy in the rumen for microbial protein synthesis (MPS). Excess ruminal protein is mainly absorbed as ammonia (NH 3 ) by the rumen and is mainly lost by the animal (Broderick 1995; Yu et al. 2004) . Excessive ruminal protein degradation also results in a smaller portion of dietary protein escaping to the lower digestive tract, a process which is required for optimum animal performance of high-producing ruminants (Dhiman & Satter 1993; Klopfenstein 1996) . Besides, an imbalance between supply of rumen degradable N and rumen available energy may also impair rumen degradation of dietary fibres as fiber-degrading microorganisms require a synchronized supply of energy-yielding and N-containing substrates (Azizi-Shotorkhoft et al. 2012) . A feeding strategy when an ingredient containing a high level of rumen degradable N (such as recycled poultry bedding, RPB) included in the diets is to provide the animal with a readily available source of rumen-fermentable carbohydrates. Molasses is one such an ingredient which is rich in water-soluble carbohydrates, and is an inexpensive source of energy in some regions compared to starchy feeds such as corn and barley (Oba 2011) .
In the present study, we hypothesized that the activity of rumen microbes, measured as the activities of rumen hydrolytic enzymes, and nitrogen retention would improve when sheep ration containing RPB, as the main source of rumen degradable N, was supplemented with sugar beet molasses when compared to starchy cereals, namely barley and corn.
Materials and methods

Recycled poultry bedding
Hydrothermally processed broiler bedding (RPB; indirect pressurized vapour, 80°C for 20 min) with a geometrical mean diameter of 6 mm was purchased from a commercial company (Sabzevar, Khorasan, Iran). The RPB was a mixture of bird excreta (urine and faeces) and bedding material, including wood shaving, feathers and dropped feed.
Animal study
The experiment was approved by the Animal Care and Ethics Committee of Tarbiat Modaress University (Tehran, Iran).
Fifteen healthy male Moghani sheep (two years old: 62 ± 2.3 kg of live weight) were individually housed in the metabolic cages, where their faeces and urine were quantitatively collected. The animals were randomly assigned to the three experimental diets in a completely randomized design with five sheep in each diet-treatment. The three experimental diets (Table 2) consisted of 260 g alfalfa hay, 260 g wheat straw and 240 g RPB per kg of DM, and were supplemented with either 120 g corn and 120 g barley per kg of DM (control diet; M0), control diet in which 25 g of barley and 25 g of corn were replaced by 50 g of sugar beet molasses per kg of DM (M50 diet) and control diet in which 50 g of barley and 50 g of corn was replaced by 100 g of sugar beet molasses per kg of DM (M100 diet). All experimental diets were formulated to meet the nutrient requirements of animals based on National Research Council recommendations (2007). Sheep were individually fed twice daily at 08:00 and 16:00 h with equal aliquots. The animals had free access to experimental diets, fresh water and mineral-vitamin blocks. The experimental diets had no differences in type and proportion of ingredients except for main carbohydrate source (i.e. corn, barley or molasses) and their ratios in order to avoid the influences of ingredient characteristics and intake level on the activity of rumen hydrolytic enzymes (Seo et al. 2010 ).
Rumen liquor sampling
The experimental period lasted for 28 days with 21 days for adaptation period to metabolic cages and experimental diets, and 7 days for samples collection (Givens et al. 2000) . On day 5 of collection period, rumen liquor (RL) samples (50-60 mL) were taken just before morning feeding, 3 and 6 h post feeding using a flexible polyvinyl chloride stomach tube. The first 10-20 mL portion of collected samples was discarded to avoid saliva contamination (Jasmin et al. 2011) . Rumen contents were immediately transferred to the laboratory in a preheated (39°C) insulated thermos flask.
Fractionation of RL and enzymes extraction
The microbial enzymes in different fractions of RL samples were extracted as described by Hristov et al. (1999) . Approximately 50 mL of rumen contents were strained (strained rumen liquor (SRL)) through four layers of cheese cloth and divided into two fractions, extracellular (liquid portion) and cellular (cell suspended freely in the liquid portion of RL). About 10 mL of SRL was centrifuged at 450×g for 5 min at 37°C and the pellet was considered as protozoal fraction (PF). The supernatant was then centrifuged at 27000×g for 20 min at 4°C and the pellet was considered to be bacterial fraction (BF). After centrifuging, clear supernatant was used as the source for extracellular fraction. For the extraction of enzymes from cellular fraction, pellets containing microbial biomass (PF plus BF) were suspended in a volume of 0.1 M phosphate buffer (pH 6.8) equal to the extracellular liquid. Lysozyme solution (4 g/L) and carbon tetrachloride were separately added to the suspension at the rate of 5 mL/30 mL cell suspension. Lysozyme treatment was followed by sonication in ice bath for 6 min with 30 s pulse rate and power supply of 0.5. The suspension was then incubated for 3 h at 39°C and centrifuged at 27000×g for 30 min at 4°C. The supernatant was collected and used as enzyme source for cellular fraction.
Enzyme activity assay
Activity of microbial enzymes in different fractions of rumen content was determined as described in detail by Agarwal (2000) . For the estimation of carboxymethyl-cellulase (CMCase) activity, the reaction mixture contained 1 mL phosphate buffer (0.1 M, pH 6.8), 0.5 mL strained RL (SRL), 0.5 mL carboxymethyl cellulose (carboxymethyl cellulose; 10 mg/mL for CMCase) and was incubated for 60 at 39°C. To determine the activity of microcrystalline-cellulase (MCCase), the reaction mixture, incubation temperature and time was similar to that of CMCase except that 1 mL of microcrystalline cellulose (10 mg/mL) was used as the reaction substrate. Reaction mixture to determine α-amylase activity consisted of 1 mL of 0.1 M phosphate buffer (pH 6.8), 0.5 mL of SRL and 0.5 mL of starch solution (1%, as the reaction substrate), which was incubated for 60 min at 39°C
. For filter paper degrading (FPD) activity the assay mixture contained l mL phosphate buffer (0.1 M, pH 6.8), 0.5 g filter paper (Whatman No. 1) and l ml SRL, which was incubated for 60 min at 39°C. All reactions were stopped by the addition of dinitro-salicylic acid reagent. The glucose produced in all reactions was estimated according to the method described by Miller (1959) taking glucose as standard. The activities of CMCase, MCCase and α-amylase were then calculated considering that one unit of enzyme was able to produce 1μmol glucose per hour per mL from degradation of respective substrates.
For estimation of the protease activity (µg hydrolysed protein/ h/ mL), the reaction mixture which contained 1 mL phosphate buffer (0.1 M, pH 6.8), 0.25 mL SRL and 0.25 mL casein (2.5 mg/ mL) was incubated for 2 h at 39°C. The reaction was stopped by adding trichloroacetic acid (200 mL/L) and protein was determined according to the procedure of Lowry et al. (1951) .
Nitrogen retention
To measure nitrogen balance, the animals in each treatment group were individually housed in metabolic cages. After 21-day adjustment period, faeces were collected during 7 days and daily aliquot (150 g/kg) was stored at -4°C. Faecal samples were dried to a constant weight in a forced air oven at 60°C and stored before grinding for chemical analyses. During the collection period, urine was collected in the buckets containing 100 mL of sulphuric acid (H 2 SO 4 ; 10% v/v). Urine samples (100 mL) were stored at -4°C. At the end of the collection period, an aliquot of the composited urine from each sheep was sampled and analysed for total urinary nitrogen (UN).
Laboratory analysis
The samples of RPB, molasses and experimental diets and faeces were oven-dried at 55°C for 72 h and ground to pass
